In today's energy system, the diffusion of renewable-based technologies is accelerating rapidly. Development of mechanisms that support the large-scale deployment of renewables towards global warming and climate change mitigation continues to remain an issue of utter importance. The most important challenges the energy system of Kosovo faces today is the difficulty to meet all the demand for electricity, low operating efficiency and high release of greenhouse gas emissions, but specifically a large source of carbon dioxide (CO 2 ). Consequently, this influences not only the stability of the system but the society as a whole. This paper addresses several possibilities for designing an adaptable energy system in Kosovo with the ability to balance electricity supply and demand which will meet the requirements for a more efficient, reliable and secure system. A new way of energy generating through integration of new renewable and non-renewable technologies is developed using the EnergyPLAN model. The system is based on available technologies: existing hydro, wind, photovoltaic (PV), combined heat and power (CHP) and new solar thermal, heat pumps and biomass. The baseline scenario 2015 was expanded by four additional scenarios, two for the year 2030 and two for the year 2050. The contribution of renewable sources in the primary energy supply (PES) in the performed scenarios was 14.8%, 34.1%, 38.4%, 69.7% and 68.3% respectively. Further, a very important component of this paper is the investigation of integrating carbon capture and sequestration (CCS) technology in the coal-based power plant as part of the analysis in the second scenario for 2050. The shift to zero-carbon energy system in Kosovo requires additional research and assessment in order to identify the untapped potential of renewable sources. However, from the results obtained it can be concluded that the goal of a secure, competitive and sustainable energy system in Kosovo state which will meet its long-term energy needs can be certainly achieved.
when there is a lack of electricity produced from gas-fired or renewable sources. For a successful operation and implementation of the power system stimulating policies towards emission reduction and renewable energy integration an advanced development of the current transmission system is required. The results of this model show a decrease in electricity shortage and reduced costs-related issues. The integration of renewable energy in the power system is closely related and depends on the way how they are connected to the grid. Authors in [16] used the phase-locked loop technique and they investigated the relation and impact that the power system dynamics has on the performance of the latter which functions following the voltage-phase tracking algorithm. To satisfy the goal introduced which is to determine the performance of the phase-locked loop technique, the authors considered to use power system dynamics rather than a three-phase voltage source. Moreover, they claim that the proposed method is very efficient, simple and the study can be carried out more simply and efficiently compared to traditional power system simulation-based techniques.
Authors in [17] used the interval-parameter credibility constrained programming (ICCP) technique for a proper optimization of the power system planning considering the reduction of greenhouse gases emission. They included various parameters such as the energy generation pattern and the future expansion of the grid, as well as other economic and risk constraints which are indeed very helpful for energy policy makers under high uncertainty.
The article [18] presents a study of the electric power system of the city of Qingdao with the goal of cost minimization and environment emission reduction. This analysis is done using the multistage inexact-factorial fuzzy-probability programming (MIFP) method in order to optimize the operation of the energy system under some specific uncertainties. Taking into consideration elements as the cost for electricity production, electricity demand, emission reduction, and the price of fuel, the authors have realized that a better energy system can be achieved, especially with the increase of renewable energy production. The growth of renewable energy will bring many positive effects as the reduced energy import, and the reduced need for fossil fuel production and carbon emission. The analysis also shows an optimal and cost-effective operation of the electric power system.
On the other hand, over the last few years, many studies have been performed by researchers in several places around the world in the area of energy system analysis with the focus on renewable energy and the possible potential of integrating them into their current energy systems. The main findings from some of the following studies conducted for South East Europe [19] , Macedonia [20] , Denmark [21] , Portugal [22] , Hungary [23] , Ireland [24] , Croatia [25] and Australia [26] were summarized in Table 1 . Installed generation capacity of each renewable and non-renewable technologies, PES, total electricity generation, electricity demand, renewable energy share (RES) in total installed capacity and CO 2 emissions for baseline and future scenarios were the main parameters that were extracted from the papers and presented in the table for clearer understanding and observation of the energy system topology of each of these countries. A comparative analysis regarding the type of renewable energy used by each country is also given in this section. In the studies for Denmark, Macedonia and SEE an analysis of 50% and 100% renewable energy system by the year 2030 and 2050 was investigated.
EnergyPLAN and H2RES as energy planning software for optimization of microgrid components sizing were the most-used tools for performing this kind of research. The electricity demand of SEE, Macedonia, Portugal, Ireland, and Croatia is mainly supplied by thermal power plants. This form of electricity generation has covered around 60% of the total generation capacity in SEE in 2008. On the other hand, in Australia, electrical energy is mainly generated by hydropower plants. Furthermore, countries like Portugal, SEE, Ireland, and Australia due to the great hydropower potential are planning to invest mostly in this type of technology in the future. An approximately double increase of hydropower installed generation capacity is planned in the future scenarios in Portugal. In addition, Portugal's energy policy is directed at the additional increase of PV generation as well, due to the high potential of solar radiation and its favorable climatic condition for the implementation of this technology [27] . On the other hand, Denmark is leading regarding the increase in installed capacity of wind power plants for the future scenarios, followed by Australia and SEE. Even though investment in wave power is quite rare in most of the countries, Denmark, Portugal, and Ireland approach towards 100% renewable energy system, which also contain a great amount of wave power. Denmark's policy towards 50% and 100% renewable energy system includes 500 MW and 100 MW new installed capacities in wave power for the year 2030 and 2050 respectively. From all the study that were performed, Denmark has the most realistic strategy which is supported by the Danish Government towards a zero-emission energy system by the year 2050 based on its renewable source potential. However, additional research should be conducted to examine the real renewable sources potential of Macedonia towards implementation of 100% renewable energy by the year 2050.
Previous works have tended to focus more on analyzing the benefits of increasing the RES in the overall installed generation capacity. Few researchers have addressed the effective ways of mitigating the problem of the great amount of CO 2 emission that is released into the atmosphere during the combustion process in coal power plants. Very little is known about the carbon capture and sequestration (CCS) technology and identification of its possible development and implementation in places with different geologic features. Some research work in reviewing CCS technology has been conducted by several authors with the focus in the type of technology that is used in such systems and their performance [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . From the study findings, the CCS technology has proven the capability of capturing up to 90% of the carbon released into the atmosphere from coal power plants. In addition, the stored carbon can be used for oil recovery afterwards.
The authors in [39] have been widely reviewing and comparing the CCS technology with renewable energy based on the geographic analysis of the particular location. Development of a model which finds the optimal point on which the system will operate efficiently was the main target of this paper. From the results obtained CCS technology can be applied to an existing or new coal power plant if the current location is known for its richness and vast availability of the underground saline aquifers. But financially, renewable energy implementation leads to lower cost investment than CCS technology. A general summary of basic concepts and key terms of the functionality of different types of the CCS technology is conducted by authors in [40] . Every phase of the processes involved in this technology was well-explained and analyzed. The type of technology that is used for capturing the CO 2 is strongly dependent on the type of the fuel that is used by the power plant. The two main technologies that were most developed include the capture and sequestration.
An assessment of CO 2 storage potential in Europe was conducted by European Commission [41] . Kosovo, together with Montenegro was studied as part of the geographic surface of Serbia. From the results obtained, Serbia and Montenegro have two storage units for implementing this technology on their geological surface. Applying all the mentioned characteristics of this technology to the power plants will have noticeable effects on the environment and society also.
It is worth pointing out that this technology reduces the amount of energy that is produced by the power plant, due to its energy needs during the carbon capture process. A fundamental major shortcoming of introducing the CCS technology in current and new fossil-fuel based power plants is the high cost of investment [42] . The high cost of investments in CCS can be supported by any source of subsidy, but this will cause a decrease in the market price of CO 2 [43] . Therefore, we have considered this technology in the 2050 scenario only. However, in the countries with high potential of fossil fuels which prove to have a good geologic position, the implementation of this technology can indeed bring satisfactory results. Furthermore, considering that Kosovo is ranked the fifth country in the world with the highest reserves of lignite (14.7 million tons), the research in CCS technology is significant and influential [44] .
Kosovo energy strategy is not directed towards 100% renewable energy system, but the design of a flexible energy system in Kosovo has been seen as economically and technically possible. The current paper deals with building a new energy system in Kosovo with high penetration of renewable sources. Also, it seeks to maintain the stability of the system, reduce CO 2 emissions and have a secure and Energies 2019, 12, 4753 6 of 22 reliable energy supply. Since the heat and electricity generation in Kosovo is mainly dominated by fossil fuel, integration of renewable energy for heating and electricity has the main role in the overall strategy. The transport and industry sectors have been also included in the long-term analysis in this study case.
To our knowledge, this is the first study to analyze the current energy system of Kosovo including electricity, heat, transport, and industry sectors by taking 2015 as reference year and then building realistic approaches for the upcoming years 2030 and 2050 using the EnergyPLAN tool. Moreover, in this paper, the future scenarios were explicitly developed by carefully taking into consideration the up-to-date strategies proposed by the Government of Kosovo. Even though our system aims at increasing the proportion of renewable energy sources for the upcoming years 2030 and 2050, however, our objective aims at developing realistic approaches rather than presenting overall energy system analysis of a 100% renewable energy system, an approach taken by other studies like for the state of Macedonia [20] and for SEE [19] .
The paper is organized as follows: The first section gives a broad introduction presenting general information about the importance of integrating renewable energy sources in the energy systems of today; it gives a brief explanation of the current energy system under study as well as presents a related literature study for strategies towards future renewable energy systems developed by various countries worldwide. Section 2 describes the tool used to perform the current analysis, objectives and data collection methodology. A description of the Kosovo energy system and the elaboration of baseline and future scenarios are given in Section 3. Section 4 gives the concluding results from this work accompanied by a discussion of the main findings. Conclusions are provided in Section 5. Future work arising from the current study is addressed in Section 6.
Methodology

EnergyPLAN Tool
A techno-economic assessment and an environmental investigation of the existing and future strategies for the development and further enhancement of Kosovo's energy system were conducted using the EnergyPLAN model. Various tools for energy system analysis were investigated before the adequate tool for this kind of analysis was identified [45] . The EnergyPLAN is an energy-system analysis tool developed by researchers at Aalborg University in Denmark [46] . Through this tool both technical, economic, investment cost and environmental based models at national or regional level can be created and validated considering electricity, heat and transport as main sectors. EnergyPLAN was chosen for this study, because compared to the many other tools that exists, it offers the opportunity to make calculations in hourly distributed data. This is a vast advantage especially when the system is comprising a large part of renewable energy sources and knowing that their production has significant variation during different times of the year [47] . In this paper, the EnergyPLAN 12.3 version was used. The model is based on input-output data, where the main inputs are power plant capacities, hourly values of electricity production, electricity and heat demand, electricity imports and exports and investment as well as operation and maintenance (O&M) cost of each component in the system. The outputs are PES, share of renewable energy sources (RES), CO 2 emissions, import/export electricity imbalance, fuel consumption and critical excess electricity production (CEEP). As a simulation tool EnergyPLAN offers the opportunity to model and analyze an energy system through different scenarios showing their advantages and weaknesses, depending of the input parameters as type of energy sources, emission factors, costs etc [48] .
Towards optimization of energy system both technical and market regulation strategies can be performed as are available in the friendly-user interface of EnergyPLAN. While the technical simulation strategy aims to reduce the electricity imports and exports as well as find an optimal state of the system in respect to low fuel consumption, the market-economic regulation strategy optimizes the system considering the cost as the main constraint. Consequently, its main objective is to create an energy system model which operates at a minimum cost.
In view of the difficulties encountered by the energy system in Kosovo, for example, the difficulty of meeting all the demand for electricity, the very low operational efficiency and the large amounts of greenhouse gases released by the system, this study has given priority to operational flexibility enhancement and increase of the proportion of renewable energy. Therefore, the technical regulation was used for further analysis and investigation in this paper. The technical regulation strategy is divided into 4 sub-categories as follows:
1.
Balancing hourly heat demand only.
2.
Balancing both electricity and heat demand.
3.
Balancing both heat and electricity demands by reducing combined heat and power (CHP) in order to have grid stabilization.
4.
Balancing heat demands by using triple tariff.
From the above regulation strategies, technical strategy-balancing both heat and electricity demands (Reducing CHP also when partly needed for grid stabilization), has been used in the analysis of Kosovo energy system both for the baseline scenario for the year 2015 and also for future scenarios for the year 2030 and 2050 respectively. This strategy enables the balance of electricity and heat demand by reducing CHP units for grid stabilization in order to improve the efficiency of the system. In Figure 1 is shown the schematic diagram and illustration of the EnergyPLAN 12.3 version. flexibility enhancement and increase of the proportion of renewable energy. Therefore, the technical regulation was used for further analysis and investigation in this paper. The technical regulation strategy is divided into 4 sub-categories as follows:
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From the above regulation strategies, technical strategy-balancing both heat and electricity demands (Reducing CHP also when partly needed for grid stabilization), has been used in the analysis of Kosovo energy system both for the baseline scenario for the year 2015 and also for future scenarios for the year 2030 and 2050 respectively. This strategy enables the balance of electricity and heat demand by reducing CHP units for grid stabilization in order to improve the efficiency of the system. In Figure 1 is shown the schematic diagram and illustration of the EnergyPLAN 12.3 version. 
Key Objectives Towards a Sustainable Energy System in Kosovo
Three main objectives were set for the 2030 and 2050 scenarios for Kosovo's energy system as follows:
•
Operational flexibility enhancement through a comprehensive strategy for balancing electricity and supply in a secure and efficient manner. The first one refers to the difficulties that Kosovo's Energy System is facing to fulfill the demand for electricity. Considering this issue as an urgent case to be solved, in 2017 an American Company 
Key Objectives Towards a Sustainable Energy System in Kosovo
•
Operational flexibility enhancement through a comprehensive strategy for balancing electricity and supply in a secure and efficient manner. • Cutting CO 2 emissions by 50% in the year 2050.
Reduce the coal share in the PES in both 2030 and 2050 scenarios.
The first one refers to the difficulties that Kosovo's Energy System is facing to fulfill the demand for electricity. Considering this issue as an urgent case to be solved, in 2017 an American Company ContourGlobal has signed the agreement for the construction of new coal power plant in Kosovo [49] . The process was planned to start by the end of 2018 or in early 2019. The second objective is one of the most important and discussed topics of these times. From some measurements conducted by international organizations, Kosovo has been one of the world leader countries in regard to air pollution during winter months of 2017-2018 [50] . CO 2 emissions affect not only the health of human beings and the environment, but the society as a whole [50] . Considering the above-raised issues, a well-planned and comprehensive framework for the reduction of greenhouse gases is seen as of utter importance. The third target of this study is related to the EU directives for renewable energy as one of the main obligations that have to be fulfilled by EU, EU candidates and potential countries.
Data Collection
The energy consumption by each sector in Kosovo in 2015 is shown in Table 2 . Installed capacity, annual electricity generation from condensing power plant, CHP, hydro, wind and PV power plants on hourly basis were obtained from Ref. [4] . The major part of the country uses coal, wood and electricity for heating. Only 5% of country's heat demand is met from cogeneration which actually comes from the existing CHP plant [51]. The annual heat production from cogeneration was obtained from [51]. The annual hourly electricity demand and fixed import/export distribution data for the baseline year were created based on the hourly data obtained from Kosovo Transmission System and Market Operator (KOSTT) [52] . The distribution data for the annual generation of hydro, wind and solar PV power plants in hourly basis were created based on the data obtained from Kosovo Electricity Distribution and Supply Company (KEDS) [53] . Investment cost, fixed operation & maintenance cost and lifetime for each of technologies used for electricity and heating are shown in Table 3 . For both baseline and future scenarios, fuel prices for coal, diesel, petrol/JP, and biomass were assumed 0.42 Euro/GJ, 2.02 Euro/GJ, 2.16 Euro/GJ, 0.98 Euro/GJ respectively, which were obtained from Ref. [54] and for liquid petroleum gas equal to 2.88 Euro/GJ from Ref. [21] . The average price for import for the year 2015 was 51.76 Euro/MWh, while the average price for export was 33.31 Euro/MWh. The data for the average price for import/export electricity was taken from [55] . 
Kosovo Energy System
Baseline Scenario for the Year 2015
Many countries around the world have started to implement smart policies to increase the share of renewable energy, as part of the worldwide response to global warming and climate change [21] . In this study, the energy system of Kosovo was first analyzed and interpreted for the year 2015 and then the future energy systems schemes were developed using EnergyPLAN tool. The main focus of the developed strategies is to improve the functionality, reliability and adaptability in Kosovo Energy System. The electricity generation data of each power plant (condensing power plant, CHP and hydropower plant, all connected to the transmission grid) in hourly basis and also the hourly demand, and hourly import and export for the baseline year 2015 were obtained from KOSTT for the year 2015 [52] . The electricity generation data from small power plants (Hydro, Wind and Solar) connected to the distribution network was taken from KEDS [53] .
The hourly electricity demand of Kosovo for 2015 is shown in Figure 2 . The electricity demand for 2015 was 5.67 TWh/year. Its peak value equal to 1129 MW was recorded in 31.12.2015 at 08:00 PM. The individual electric heating demand was equal to 1.84 TWh/year, considering that around 5.98% of heating demand in Kosovo is covered from electricity [4]. Fixed import/export was -0.0689 TWh/year. It should be noted that Kosovo energy system is not fully optimized to meet the demand at every moment of time. As a result of this, the country has to import considerable amount of electricity every year. 
Kosovo Energy System
Baseline Scenario for the Year 2015
Many countries around the world have started to implement smart policies to increase the share of renewable energy, as part of the worldwide response to global warming and climate change [21] . In this study, the energy system of Kosovo was first analyzed and interpreted for the year 2015 and then the future energy systems schemes were developed using EnergyPLAN tool. The main focus of the developed strategies is to improve the functionality, reliability and adaptability in Kosovo Energy System. The electricity generation data of each power plant (condensing power plant, CHP and hydropower plant, all connected to the transmission grid) in hourly basis and also the hourly demand, and hourly import and export for the baseline year 2015 were obtained from KOSTT for the year 2015 [52] . The electricity generation data from small power plants (Hydro, Wind and Solar) connected to the distribution network was taken from KEDS [53].
The hourly electricity demand of Kosovo for 2015 is shown in Figure 2 . The electricity demand for 2015 was 5.67 TWh/year. Its peak value equal to 1129 MW was recorded in 31.12.2015 at 08:00 PM. The individual electric heating demand was equal to 1.84 TWh/year, considering that around 5.98% of heating demand in Kosovo is covered from electricity [4]. Fixed import/export was -0.0689 TWh/year. It should be noted that Kosovo energy system is not fully optimized to meet the demand at every moment of time. As a result of this, the country has to import considerable amount of electricity every year. In Figure 3 are shown the curves for total metered import/export for three different periods of the year, winter, spring and autumn. Three typically weeks of January, May and October 2015 have been selected. The negative net value of an hour represents that import surpassed export in that hour, or if the net is positive, it means that in that hour the export was higher than the import of energy for that specific amount. It can be seen that the highest negative value of the net import/export was -405 MW which was registered on January 1st 2015 h19, while the highest positive value of the net import/export was 448 MW which was registered on May 19th 2015 h4. In Figure 3 are shown the curves for total metered import/export for three different periods of the year, winter, spring and autumn. Three typically weeks of January, May and October 2015 have been selected. The negative net value of an hour represents that import surpassed export in that hour, or if the net is positive, it means that in that hour the export was higher than the import of energy for that specific amount. It can be seen that the highest negative value of the net import/export was -405 MW which was registered on January 1st 2015 h19, while the highest positive value of the net import/export was 448 MW which was registered on May 19th 2015 h4. The major part of the electricity generation is covered by CHP plant with an installed capacity of 678 MW and the condensing power plant with an installed capacity of 610 MW [50] . The heat demand in Kosovo which is covered from cogeneration makes up 5% of the total value and in terms of energy is estimated to be 201.08 GWh. Furthermore, 0.68 TWh/year of heat demand is covered from individual coal boilers, and 2.9 TWh/year is the amount of heat that is produced from wood boilers. The total heat demand is equal to 4.02 TWh/year. Industry consumes around 3.4 TWh/year which is covered by individual coal boilers. The total transport demand in 2015 was estimated to be 4. 33 TWh, from which 0.04 TWh/year was consumed by jet fuel, 3.41 TWh/year by diesel fuel, 0.75 TWh/year from petrol fuel and 0.11 TWh/year from liquid petroleum gas [4] . The CHP operates with an installed capacity of 286 MW and an electric efficiency of 37.3% [66] . The actual wind installed capacity is 1.35 MW and the estimated capacity factor is 0.02, while the installed capacity of photovoltaic systems is 0.102 MW and the estimated capacity factor is 0.13. A hydropower plant in Kosovo with an installed capacity of 35 MW is connected to the transmission network [55] . In addition, hydropower plants connected in the distribution network together make 17.98 MW installed capacity.
Considering that 97% of electricity generation in Kosovo comes from coal power plants, wind, hydro and solar power does not play such a significant role in the baseline scenario 2015. In this study, an interest rate of 3% was used as it is preferred when EnergyPLAN analyses are being performed [66] . The estimated weekly power production from all power plants together with the electricity imports and exports values for 2015 are shown in Figure 4 . One can clearly see that the majority of power production was coming from fossil fuels followed by a very low percentage of hydro, solar and wind sources. A comparison of the monthly average demand value between the data extracted from KOSTT with the results obtained from modeling our system in the EnergyPLAN software is shown in Table 4 . Very small differences in electricity demand data during some months of 2015 indeed represent the accuracy of the model developed in EnergyPLAN. The major part of the electricity generation is covered by CHP plant with an installed capacity of 678 MW and the condensing power plant with an installed capacity of 610 MW [50] . The heat demand in Kosovo which is covered from cogeneration makes up 5% of the total value and in terms of energy is estimated to be 201.08 GWh. Furthermore, 0.68 TWh/year of heat demand is covered from individual coal boilers, and 2.9 TWh/year is the amount of heat that is produced from wood boilers. The total heat demand is equal to 4.02 TWh/year. Industry consumes around 3.4 TWh/year which is covered by individual coal boilers. The total transport demand in 2015 was estimated to be 4. 33 TWh, from which 0.04 TWh/year was consumed by jet fuel, 3.41 TWh/year by diesel fuel, 0.75 TWh/year from petrol fuel and 0.11 TWh/year from liquid petroleum gas [4] . The CHP operates with an installed capacity of 286 MW and an electric efficiency of 37.3% [66] . The actual wind installed capacity is 1.35 MW and the estimated capacity factor is 0.02, while the installed capacity of photovoltaic systems is 0.102 MW and the estimated capacity factor is 0.13. A hydropower plant in Kosovo with an installed capacity of 35 MW is connected to the transmission network [55] . In addition, hydropower plants connected in the distribution network together make 17.98 MW installed capacity.
Considering that 97% of electricity generation in Kosovo comes from coal power plants, wind, hydro and solar power does not play such a significant role in the baseline scenario 2015. In this study, an interest rate of 3% was used as it is preferred when EnergyPLAN analyses are being performed [66] . The estimated weekly power production from all power plants together with the electricity imports and exports values for 2015 are shown in Figure 4 . One can clearly see that the majority of power production was coming from fossil fuels followed by a very low percentage of hydro, solar and wind sources. A comparison of the monthly average demand value between the data extracted from KOSTT with the results obtained from modeling our system in the EnergyPLAN software is shown in Table 4 . Very small differences in electricity demand data during some months of 2015 indeed represent the accuracy of the model developed in EnergyPLAN. electricity imports and exports values for 2015 are shown in Figure 4 . One can clearly see that the majority of power production was coming from fossil fuels followed by a very low percentage of hydro, solar and wind sources. A comparison of the monthly average demand value between the data extracted from KOSTT with the results obtained from modeling our system in the EnergyPLAN software is shown in Table 4 . Very small differences in electricity demand data during some months of 2015 indeed represent the accuracy of the model developed in EnergyPLAN. 
Energy System Scenarios for 2030 and 2050
Two scenarios were developed for 2030 and two scenarios for the year 2050 by expanding the baseline scenario 2015 and the 2020 scenario from [6] considering the increase of electricity [52] and heating [4] demand. The main focus of the future scenarios was related to the increase of RES in the total PES while introducing new technologies such as wind, solar, hydro, biodiesel and biopetrol plants and new CHP. The definition and proper management of the CEEP regulation strategy is essential for the stability and security maintenance in the system. If the latest not managed properly, the export electricity rates can overpass the transmission line capacity leading to fundamental damages in power system such as the breakdown in electricity supply. According to [52] Kosovo electricity demand is expected to increase from 5.67 TWh in 2015 to 6.8 TWh in 2030 and to 8.68 TWh in 2050 equal to an average annual rise of 1.04%. The total heat demand based on [4] will increase to 4.84 TWh in 2030 and to 6.2 TWh in 2050. In 2030, 1.16 TWh will be covered from biomass boilers, 2.30 TWh from biomass micro CHP, 0.01 TWh from heat pumps, 0.28 TWh from electric heating, 0.10 TWh from solar thermal and 0.96 TWh from cogeneration. The corresponding values for 2050 are 0.595, 4.72, 0.02, 0.14, 0.21 and 0.49 TWh. The values are in accordance with the simulation results extracted from EnergyPLAN. The distribution data files for the future scenarios were taken the same as in the baseline case, except those for solar PV and wind. The distribution data for district heating were provided from EnergyPLAN.
The proposals made for scenarios 2030 and 2050 are presented in Table 5 . 50% of transport demand to be based on renewable sources (bioethanol and biodiesel) Introducing electric cars in transportation with 5% in the overall fuel consumption Increase the share of electric cars for 5% share from 2030 scenario in transport sector Scenario 2 for 2030 is the same as scenario 1 for 2030, apart from one different proposal:
•
One unit of CHP plant with 339 MW installed capacity was substituted with a hydropower plant of the same capacity.
Scenario 2 for 2050 introduces CCS technology as part of the coal-based power plant. Other values used to create the model of the energy system of Kosovo in the year 2050 do not differ from the first scenario.
Results and Discussion
Technical Analysis
In the year 2030, total energy generated from all available power plants was estimated to be 7.86 TWh in the first scenario and 8.39 TWh in the second scenario. Further, the electricity demand is expected to rise to 6.8 TWh in 2030, consequently leading to an imbalance between electricity supply and demand with a spotlight initiative to an increase of excess electricity. The CEEP is not allowed to reach higher values than capacities of transmission lines. In order to avoid that, proper technical regulation strategies are applied in this study. Based on the renewable source potential of Kosovo and in the [6], the optimal solution towards a feasible and sustainable energy system in Kosovo is to increase the investments in hydropower technology. However, due to the great potential of solar energy in Kosovo [67, 68] , exploration of photovoltaics and solar thermal technologies was also considered in this paper. In the scenario for 2030 hydropower plays the main role in the renewable energy supply. Therefore, simulations were run by varying its production from 0 to 1.9 TWh in steps of 0.19 TWh as it can be seen in the Figure 5 . Then data for CEEP, electricity import, and PES were analyzed and interpreted. It can be observed that with the increase of electricity production from hydropower plants, there will be a decrease in the value of PES, leading to the occurrence of CEEP equal to 0.09 TWh. The reason behind the decrease of PES is the exclusion of renewable energy sources from its total value. The curves of PES and CEEP meet each other in the point where hydro energy is estimated to be 1.33 TWh, which is sufficient to replace the energy produced from PES. Furthermore with the continuing increase of hydro energy to a value greater than 1.6 TWh, the PES remains constant due to its technical minimum limitations, while CEEP revealed a further increase. This analysis was performed considering a closed energy system. Practically, Kosovo has transmission line capacity of 1250 MW, which allows this electricity surplus to be exported [69] . The contribution of each renewable and non-renewable based technology used for electricity generation purposes such as hydro, wind, PV and coal in the baseline scenario 2015 and for scenarios for 2030 and 2050 are shown in Figure 6 . In the year 2015 coal was by far the biggest source used for generation of electricity with 5.68 TWh, followed by hydro with 0.17 TWh, wind with 0.071 GWh and 0.109 GWh from PV which actually had the smallest impact on electricity generation. Fixed import/export is estimated to be -0.07 TWh. It should be noted that Kosovo exports a considerable amount of electricity during night hours in the spring season. However, this amount of electricity is exported at very low prices due to the period when it is exported and market-related issues. Regarding the cases for 2030, the production mix differs from 2015. Based on obtained results, coal is still the main source for power production but its share decreases from 97% in 2015 to 54% in 2030 (case 1) and 47% in 2030 (case 2). Production from hydro and biomass are the main cause for reduced share of coal. The electricity generation from coal, biomass, hydro, wind and PV in the scenario 1 for 2030 was 4.25, 1.38, 1.9, 0.31 and 0.02 TWh respectively. In the scenario 2 for 2030, The contribution of each renewable and non-renewable based technology used for electricity generation purposes such as hydro, wind, PV and coal in the baseline scenario 2015 and for scenarios for 2030 and 2050 are shown in Figure 6 . In the year 2015 coal was by far the biggest source used for generation of electricity with 5.68 TWh, followed by hydro with 0.17 TWh, wind with 0.071 GWh and 0.109 GWh from PV which actually had the smallest impact on electricity generation. Fixed import/export is estimated to be -0.07 TWh. It should be noted that Kosovo exports a considerable amount of electricity during night hours in the spring season. However, this amount of electricity is exported at very low prices due to the period when it is exported and market-related issues. The contribution of each renewable and non-renewable based technology used for electricity generation purposes such as hydro, wind, PV and coal in the baseline scenario 2015 and for scenarios for 2030 and 2050 are shown in Figure 6 . In the year 2015 coal was by far the biggest source used for generation of electricity with 5.68 TWh, followed by hydro with 0.17 TWh, wind with 0.071 GWh and 0.109 GWh from PV which actually had the smallest impact on electricity generation. Fixed import/export is estimated to be -0.07 TWh. It should be noted that Kosovo exports a considerable amount of electricity during night hours in the spring season. However, this amount of electricity is exported at issues. Regarding the cases for 2030, the production mix differs from 2015. Based on obtained results, coal is still the main source for power production but its share decreases from 97% in 2015 to 54% in 2030 (case 1) and 47% in 2030 (case 2). Production from hydro and biomass are the main cause for reduced share of coal. The electricity generation from coal, biomass, hydro, wind and PV in the scenario 1 for 2030 was 4.25, 1.38, 1.9, 0.31 and 0.02 TWh respectively. In the scenario 2 for 2030, Regarding the cases for 2030, the production mix differs from 2015. Based on obtained results, coal is still the main source for power production but its share decreases from 97% in 2015 to 54% in 2030 (case 1) and 47% in 2030 (case 2). Production from hydro and biomass are the main cause for reduced share of coal. The electricity generation from coal, biomass, hydro, wind and PV in the scenario 1 for 2030 was 4.25, 1.38, 1.9, 0.31 and 0.02 TWh respectively. In the scenario 2 for 2030, hydropower generation was increased to 2.45 TWh and a decrease to 3.69 TWh electricity generated from coal power plants was observed.
The above corresponding values for the first scenario 2050 were 2.59, 2.83, 3.83, 0.31 and 0.56 TWh respectively. The integration of CCS technology in the model of the second scenario for 2050 with the ability to capture 3 Mt CO 2 with an electricity consumption factor (per unit) of 0.37 MWh/t CO 2 has led to a reduction of CO 2 emissions from 3.72 Mt to 1.02 Mt in 2050. Furthermore, the electricity demand was increased from 8.69 to 9.79 TWh while the energy generated from the coal-based power plant was increased from 2.59 to 2.93 TWh, considering that CCS technology requires additional energy during the carbon capture process. The energy generated from other power plants remains the same in both scenarios for 2050. The renewable sources have contributed with 3%, 32.5%, 48.2%, 51.4% and 46.1% in total electricity generation, in baseline and future scenarios.
The installed capacity of all power plants and CO 2 emission rates throughout the studied years are presented in Figure 7 . It can be observed that the share of coal in the PES has been notably reduced from 2015 to 2050 after the decommissioning of coal power plants Kosova A in 2030 and Kosova B in 2050, which have basically over passed the limited lifetime by the time when they are retired. Hydropower development was given priority. Consequently, hydropower overtakes coal, in this way leading as the largest source of power generation with a total 936 MW installed capacity in 2050. The goal of 349 MW of installed PV capacity was set for 2050. The installed onshore wind capacity in 2050 remains the same from 2030, due to its weak potential in Kosovo. hydropower generation was increased to 2.45 TWh and a decrease to 3.69 TWh electricity generated from coal power plants was observed.
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In 2015 biomass boilers were the most used technology for heat generation resulting in 2.95 TWh generated heat. In scenarios, for 2030 and 2050 biomass micro CHP contributed with 2.3 and 4.72 TWh respectively. 80% of heat demand was covered by renewable sources in 2050. Heat pumps are less impactful both in 2030 and 2050 scenarios. Electric heating was reduced as well from 2030 to 2050. The decrease in the installed capacity of CHP from 2030 to 2050 was reflected in the reduction of cogeneration heat values. Considering the harmful environmental impact of coal boilers, they have been replaced with other technologies in both 2030 and 2050 scenarios. Regarding the transport sector, no renewable source was used in this sector in 2015. In 2030, we aimed to have 20% of transport demand covered by renewables (biodiesel and bioethanol). In 2050, a strategy towards 50% renewable energy in the transport sector, with the largest share of biodiesel production was developed. Furthermore, 5% increase in electric cars in the future scenarios was carefully investigated. In order to provide a clearer representation, the scenario 2 for 2030 and 2050 was not presented as part of the graph, since the participation of technologies for heat and transport demand supply are the same in both first and second scenarios for 2030 and 2050. In 2015 biomass boilers were the most used technology for heat generation resulting in 2.95 TWh generated heat. In scenarios, for 2030 and 2050 biomass micro CHP contributed with 2.3 and 4.72 TWh respectively. 80% of heat demand was covered by renewable sources in 2050. Heat pumps are less impactful both in 2030 and 2050 scenarios. Electric heating was reduced as well from 2030 to 2050. The decrease in the installed capacity of CHP from 2030 to 2050 was reflected in the reduction of cogeneration heat values. Considering the harmful environmental impact of coal boilers, they have been replaced with other technologies in both 2030 and 2050 scenarios. Regarding the transport sector, no renewable source was used in this sector in 2015. In 2030, we aimed to have 20% of transport demand covered by renewables (biodiesel and bioethanol). In 2050, a strategy towards 50% renewable energy in the transport sector, with the largest share of biodiesel production was developed. Furthermore, 5% increase in electric cars in the future scenarios was carefully investigated. In order to provide a clearer representation, the scenario 2 for 2030 and 2050 was not presented as part of the graph, since the participation of technologies for heat and transport demand supply are the same in both first and second scenarios for 2030 and 2050.
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Environmental Analysis
The CO 2 emissions in 2015, 2030, 2030 (1), 2050 and 2050 (1) were 7.2, 6.1, 5.6, 3.7 and 1 Mt as it can be observed from Figure 7 (Section 4.1). It should be noted that the decommission of coal power plant Kosova B and investments in renewable technologies has led to a decrease of CO 2 emissions from around 7 Mt to less than 4 Mt CO 2 and 1 Mt CO 2 (if CCS technology is applied) from 2015 to 2050. Special attention in future scenarios was given to hydro and solar-based technologies as the main contributors to the decline of CO 2 emissions.
Considering that Kosovo is ranked the fifth country in the world with the highest reserves of lignite, an investigation of CCS technology and its possible implementation in the new coal power plant in Kosovo was conducted in the second scenario for 2050. Two simulation case studies were performed with and without CCS technology implemented in coal power plant in 2050. From the Figure 10 we can observe that with the continuing increase of the amount of electricity generated from hydropower plants, the RES is continually increased. Further, CO 2 emissions are reduced with the increase of renewable energy share. CO 2 emission are double reduced in the case when the CCS is implemented. It is worth pointing out that, the integration of CCS technology had led to a decrease of RES in total electricity production from 51.4% to 46.1%. demand in the year 2050 (%).
The CO2 emissions in 2015, 2030, 2030 (1), 2050 and 2050 (1) were 7.2, 6.1, 5.6, 3.7 and 1 Mt as it can be observed from Figure 7 (section 4.1) . It should be noted that the decommission of coal power plant Kosova B and investments in renewable technologies has lead to a decrease of CO2 emissions from around 7 Mt to less than 4 Mt CO2 and 1 Mt CO2 (if CCS technology is applied) from 2015 to 2050. Special attention in future scenarios was given to hydro and solar-based technologies as the main contributors to the decline of CO2 emissions.
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Cost Analysis
The total investment, fixed O&M cost and annual investment of each technology are shown in Figure 11 . The below costs in scenarios for 2030 and 2050 are higher compared to the values in the baseline case, due to additional investment in renewable energy systems and also in the construction of new CHP. The corresponding values are even higher in the second scenario for 2030 and 2050 due to the integration of new hydropower units and other renewable energy technologies. Indeed, the increase of RES percentage is accompanied with higher annual investment cost, due to the additional integration of new technologies in electricity, heat and transport sectors. The annual cost of designing and maintaining a 70% renewable energy system in the state of Kosovo by the year 2050 is approximately 1 Billion Euros. Further, the total annual cost in 2050 is increased from 999 to 1033 million euros if CCS technology is implemented as part of the coal-based power plant. Therefore, due to the high cost of investment, the CCS technology was considered as part of 2050 scenario. The decline in the price of RES technologies indeed has an impact on the fall of the cost of energy generated from these sources. The remarkable fall of the cost of renewable-based power production especially recorded in the last years has become a key factor why renewable power is becoming very competitive to meet the energy needs of future generations. In addition, the improvement of 
The total investment, fixed O&M cost and annual investment of each technology are shown in Figure 11 . The below costs in scenarios for 2030 and 2050 are higher compared to the values in the baseline case, due to additional investment in renewable energy systems and also in the construction of new CHP. The corresponding values are even higher in the second scenario for 2030 and 2050 due to the integration of new hydropower units and other renewable energy technologies. Indeed, the increase of RES percentage is accompanied with higher annual investment cost, due to the additional integration of new technologies in electricity, heat and transport sectors. The annual cost of designing and maintaining a 70% renewable energy system in the state of Kosovo by the year 2050 is approximately 1 Billion Euros. Further, the total annual cost in 2050 is increased from 999 to 1033 million euros if CCS technology is implemented as part of the coal-based power plant. Therefore, due to the high cost of investment, the CCS technology was considered as part of 2050 scenario. The decline in the price of RES technologies indeed has an impact on the fall of the cost of energy generated from these sources. The remarkable fall of the cost of renewable-based power production especially recorded in the last years has become a key factor why renewable power is becoming very competitive to meet the energy needs of future generations. In addition, the improvement of manufacturing efficiency has attributed to this decline by lowering the cost of producing the latter technologies. manufacturing efficiency has attributed to this decline by lowering the cost of producing the latter technologies. Figure 11 . An overview of investment costs of each technology in different scenarios.
Comparative Analysis
A comparative analysis of the scenarios developed under this study is given in this section. Four strategies were developed aiming to create a comprehensive roadmap of the future energy system of Kosovo by the year 2030 and 2050. Future scenarios were modeled taking into consideration technical, environmental and cost constraints. Two scenarios performed for 2030 were based on available strategies developed by Government of Kosovo and other institutions considering Kosovo's renewable energy potential. Nevertheless, in the upcoming years, the technical potential of renewables in Kosovo will be further exploited, putting the 2050 strategy to work. On the other hand, the first scenario for the year 2030 can be realistically designed and well-implemented. The second one for 2030 lacks of providing a documented potential of hydro availability, which is reflected in the 2050 strategy as well. The 100% renewable energy system was not investigated in this study, considering that a new coal-based power plant in Kosovo will be constructed, in this way making not realistic for Kosovo to run entirely in renewable energy. However, opportunities will not close for Kosovo to run in nearly zero-carbon energy system by the year 2050, if introducing CCS technology as it was conducted in the second scenario for 2050. Adverse environmental impacts of coal reflected in the people's health highlights the importance of the second scenario for 2050 compared to the first one, to be considered and addressed carefully for future possible implementation. Alternatively, the first scenario of 2050 can be implemented if cost or availability of natural sources required for the development of CCS technology are viewed as a strong barrier to progress. Even though, the total annual cost is not notably increased when introducing CCS. All scenarios represent approaches for the planning of the future energy system in Kosovo which have to be further evaluated considering the future exploitation of renewable and financial sources. Notwithstanding the above issues and their possible effect which can be reflected in small variations within scenarios, the goal of a flexible and sustainable energy system in Kosovo can be certainly achieved and implemented successfully.
Conclusions
A step by step realistic approach for energy planners and policymakers considering both technical, environmental and cost analysis towards sustainability enhancement and strategic energy 
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Conclusions
A step by step realistic approach for energy planners and policymakers considering both technical, environmental and cost analysis towards sustainability enhancement and strategic energy management framework within the future energy system in Kosovo was developed in this paper. The baseline energy system of Kosovo in the year 2015 was first analyzed and then four scenarios were developed, two for the year 2030 and two for the year 2050. The assessment was conducted using EnergyPLAN simulation tool. A systematic investigation of alternative strategies for future energy system was carried out considering the raise of energy demand in electricity, heat, industry and transport sectors. To perform this study, we were based on the current strategies developed by the Government of Kosovo, other institutions within and outside the country as well as in European Renewable Energy Directives. Energy generated from renewable sources was 14.8%, 34.1%, 38.4%, 69.7% and 68.3% in scenarios for the years 2015, 2030 and 2050 respectively. Indeed, introducing renewable based technologies such as wind, hydro, solar, biomass covers not only the security of supply related issues but the environmental and societal aspects as well. A comprehensive strategy to design a secure, flexible and environmentally-friendly energy system through reduction of CO2 emissions from 7 Mt CO 2 to less than 4 Mt CO 2 and 1 Mt (if CCS technology is applied) from 2015 to 2050 has been realistically proposed and designed through detailed modeling and simulations in the EnergyPLAN tool. The overall estimated annual cost of designing, developing and maintaining a 70% renewable energy system by the year 2050 is around 1 billion euros. Since 97% of electricity generation in Kosovo comes from coal power plants, the modeling of an energy system with high penetration of renewable energy sources to replace the base load coal with alternative base load sources is seen as crucial for a reliable operation of the system and the health of society. Moreover, the results obtained with respect to the methodology used for the development of scenarios for the years to come (2030 and 2050) are completely novel compared to the existing literature and at the same time open a new path for energy policy makers as well as for researchers who work on the institutions for energy transition and sustainability.
Future Work
The future work arising from the current study will deal with market-economic simulation analysis. The transition approach of the Kosovo Transmission System and Market Operator (KOSTT) to join European Network of Transmission System Operators for Electricity (ENTSOE) is strong related to the electricity market issues which indeed have to be analyzed and investigated in order to fully optimize and further enhance the power transmission network of Kosovo.
